extracts. This method takes advantage of the specific increase in fluorescence intensity of the complex of DNA and the dye 4',6'-diamidino-2-phenylindole (DAPI). Recovery of DNA and dissociation of histones from DNA were maximized by the addition of 2.0 molar NaCI to the homogenates. Treatment of the homogenate with chloroform to remove pigments and proteins decreased the quenching of fluorescence of the DAPI-DNA complex. The fluorescence intensity of RNA with DAPI was less than 2% of that produced by an equivalent weight of DNA. Comparisons were made between this fluorimetric DNA method and the commonly used diphenylamine assay for DNA. The diphenylamine DNA assay was more timeconsuming, less sensitive, and consistently resulted in lower estimates of DNA concentrations than did the fluorimetric DNA assay.
Expressing enzyme activities per cell rather than per unit weight, Chl, or protein is extremely important in some areas of biologic research. The simplest and most accurate method of calculating the cell number in most higher plant tissues is by determining the amount of DNA per cell and per tissue preparation. Most available methods for the quantitation of DNA require considerable manipulation of the samples, which may result in a loss of DNA. Such methods are time-consuming and not very sensitive. The commonly used diphenylamine method (4) suffers from these limitations.
The fluorescent dye DAPI3 complexes with DNA to give a product with fluorescence intensity several times greater than the dye alone. Using this property, Kapuscinski and Skoczylas (8) have shown that the specificity and sensitivity of this reaction could be used for a sensitive DNA assay. The method permitted the estimation of concentrations of DNA as low as 0.5 ng/ml, even in the presence of a 20-fold excess of RNA. They showed that the fluorescence intensity is highest when DAPI is complexed with native, highly polymerized DNA as compared to degraded or denatured DNA. Based on these findings, Brunk et al. (3) developed a simple and sensitive method for the quantitative assay of DNA in crude homogenates of microorganisms and animal tissues.
This paper presents an adaptation of this method for plant extracts. Special emphasis is given to the optimum conditions for preparation of the extract. ' Supported by College of Agricultural and Life Sciences, University of Wisconsin-Madison, and by USDA Competitive Research Grant 5901-0410-9-0361-0.
2 Supported I year by the Swiss National Science Foundation. 3Abbreviation: DAPI, 4',6'-diamidino-2-phenylindole.
MATERIALS AND METHODS Plant Material. Maize (Zea mays L.) plants (F1 hybrid W64A x W182E) were grown in a growth chamber or greenhouse in a mixture of peat moss and vermiculite (1:1, v/v) and irrigated with a nutrient solution (6) . Alfalfa (Medicago sativa L.) genotypes were derived and grown as described (12 Extract of Protoplasts. The method for the preparation of alfalfa protoplasts is described elsewhere (11) . An aliquot (0.2 ml) of suspension containing approximately one million protoplasts/ ml was centrifuged at 60g for 10 min. The supernatant was discarded, and the pellet was stored at -15°C. The thawed pellet was suspended in 0.3 ml buffer (2.0 M NaCl, 10 mM EDTA, 10 mM Tris [pH 7.0]). Where indicated, sonication was performed for 15 s or 1% (w/v) sarkosyl was added to the suspension buffer.
Chloroform Treatment. Chloroform (1.5 volumes) was added to the homogenate and vigorously mixed with a Vortex mixer. The phases were separated by centrifugation at l,000g for 10 min, and the aqueous supernatant was used for fluorimetric measurements. (Fig. 2) .
Diphenylamine Assay. The assay described earlier (5) was used with slight modifications: 10 ml of methanol:ethanol:Triton X-100:3 N HCI (40:60:1:1) were added to centrifuge tubes containing 2 ml of homogenate. After mixing with a Vortex mixer, tubes were centrifuged at l0,OOOg for 10 min. The supernatant was discarded and the procedure repeated three times. Nine ml of 0.3 N NaOH were added to each tube and the tubes were heated at 450C for 15 min. After cooling in ice-water, 1 ml of chilled HC104 (A.C.S., 60%1o) was added to each tube. Tube contents were mixed with a Vortex mixer and centrifuged at lO,OOOg for 10 min. Supernatants were decanted and 4 ml 1.05 M HC104 were added to each tube. To establish a standard curve, tubes containing 0 to 400 g calf thymus DNA in a total volume of 4 ml 1.05 M HC104 were prepared. All tubes were heated at 90°C to 950C for 20 min, then cooled and centrifuged at l0,OOOg for 10 min. Two ml of supernatant were pipetted into clean test tubes and 2 ml freshly prepared diphenylamine reagent (4) were added to each tube. After 24 h of color development, A at 600 nm was read against the blank.
RESULTS AND DISCUSSION Preparation of the Homogenate. Fluorescence of the DAPI-DNA complex depends on the structure of the DNA. Kapuscinski and Skoczylas (8) have shown that treatments that shear or degrade DNA (e.g. long sonication, boiling) reduce fluorescence intensity of the DAPI-DNA complex. However, we found no such effects when homogenates were sonicated for a 15-s period (data not shown). The same observation was reported earlier (3) .
High speed homogenization used to disrupt plant material may also degrade DNA, hence reducing fluorescence intensity of the DAPI-DNA complex. To test this possibility, a solution containing calf thymus DNA was homogenized under conditions identical to those described for the homogenization of leaf tissue. This treatment resulted in a loss of only 3.4% of the fluorescence enhancement capacity of the DNA. Complete recovery of a known quantity of calf thymus DNA added to the homogenization buffer was observed (data not shown). The same Chl to DNA ratio was found in leaves and protoplasts of alfalfa (10, 11) . Because protoplast lysates were not homogenized, these data also suggest that shearing of DNA which may occur during homogenization did not significantly decrease the fluorescence intensity of the DAPI-DNA complex.
Effects of filtration, centrifugation, NaCl concentration, and addition of detergent on extraction of DNA are shown in Table  I . The presence of 2.0 M NaCl in the homogenization buffer was necessary to obtain a maximal yield of DNA. Yield of DNA was not increased when NaCl concentration was 3 M rather than 2 M (data not shown). Homogenizing the leaves in a buffer containing 0.1 M NaCl rather than 2.0 M resulted in variable and lower yield of DNA. Post homogenization adjustment of the NaCl concentration from 0.1 to 2.0 M resulted in a yield of DNA nearly equivalent to that obtained with 2.0 M NaCl in the homogenization medium. The concentration of NaCl in calf thymus DNA containing buffer did not affect fluorescence enhancement of DAPI (Table III) . This is because DNA containing solutions were diluted over 50-fold when reacted with DAPI solution. If high salt concentration affected DAPI-DNA complex fluorescence, one should observe an inhibition rather than an increase of fluorescence (Table IV) (8) . This indicates that the presence of high salt concentration was extracting DNA from protoplasts (Table II) . Sarkosyl plus sonication was no better than sonication alone.
Histones limit the accessibility to DNA of several compounds which bind to DNA (e.g. ethidium bromide, DABA, mithramycin) (1, 7, 9). High salt concentrations are known to dissociate histones from DNA (2). Therefore, the higher estimation of DNA in the presence of high NaCl is possibly due to an increased accessibility of DAPI to DNA, through dissociation of histones from DNA. In order to test this possibility, histones and calf thymus DNA were mixed prior to addition to DAPI solution. Presence of histones reduced fluorescence of the DAPI-DNA complex (Table III) fluorescence, this linearity is no longer observed. Quenching of fluorescence of the DAPI-DNA complex by leaf homogenate was observed using procedure A (Fig. 1 ). Prior addition of leaf homogenate decreased the slope of the standard curve proportionally to the volume of leaf homogenate added prior to calf thymus DNA. Thus, the leaf homogenate contained substances that were inhibitory to fluorescence of the DAPI-DNA complex. Some factors affecting quenching were measured using procedure A (Table IV) . The presence of 2.0 M NaCl in the buffer quenched slightly as was reported earlier (8) . Quenching by leaf homogenate was reduced by dilution of homogenate and by chloroform treatment of homogenate. The latter observation suggests that pigments and possibly proteins caused part of the quenching. It should be noted that the data of Table IV were obtained by adding 0.1 ml of homogenate to 3 ml of DAPI solution, whereas only 25 to 40 ,ul homogenate were normally used in DNA assays. These smaller aliquots reduced the quenching to 0.85 to 0.90 (i.e. 15-10%o inhibition of fluorescence intensity of the DAPI-DNA complex). An illustration of procedure A with a diluted, chloroform treated homogenate is presented in Figure 2 .
Temperature Sensitivity of the Fluorescence of DAPI and of the DAPI-DNA Complex. Fluorescence of both DAPI and the DAPI-DNA complex decreased linearly with increasing temperature (Fig. 3) . For both solutions, as the temperature increased I°C, the fluorescence decreased by 1%. Therefore, it was necessary to either keep the temperature constant or adjust the blank frequently when long series of fluorescence measurements were made.
Specificity and Interferences. The specificity of the fluorescence Deoxyribonuclease digestion of DNA is another means ofshowing the specificity of the DNA-enhanced DAPI fluorescence. DAPI -DNA Treatment of calf thymus DNA with DNase reduced the fluorescence enhancement to 2.2% of the nontreated control (Table VI) .
DNase treatment of alfalfa and maize leaf homogenates reduced the fluorescence enhancement to 3.5% and 20.2% of the controls, respectively. No further decrease of the fluorescence enhancement was observed when DNase-treated homogenates were treated with RNase (data not shown). The DNase-resistant fluorescence enhancement of DAPI by maize leaf homogenates cannot therefore be attributed to RNA, but possibly to the presence of DNaseresistant DNA.
It has been shown that DAPI binding to DNA is specific for DAPI adenine-thymine base pairs (3, 14) . 
